Background: Primary angiosarcoma of the kidney is a rare and aggressive malignant tumor presenting with a recognizable vascular differentiation. Its prognosis is fatal and the pathogenesis remains unclear. Renal angiomyolipoma is a relatively infrequent renal cortical neoplasm and is composed of variable proportions of adipose tissue, spindle cells, epithelioid smooth muscle cells and abnormal thick-walled blood vessels. Case presentation: Here, we reported a case in which a 64-year-old woman presenting with the chief complaint of a progressively enlarged mass in the left abdomen. Abdominal computed tomography confirmed presence of a tumor measuring 18 cm × 11 cm in the left posterior renal fascia. Microscopic examination and immunohistochemical staining confirmed co-existence of angiomyolipoma and angiosarcoma. Furthermore, the two components interspersed with each other and there were transitional zones between them. Conclusions: In this case, we described for the first time a primary renal angiosarcoma possibly arising in a pre-existing angiomyolipoma of the kidney.
Background
Angiosarcoma (AS) is a rare and aggressive malignant tumor presenting with a recognizable vascular differentiation. It occurs mainly in the adulthood and elderly, with occasional cases reported in children [1] . Angiosarcoma is usually located in the skin, superficial soft tissue or other organs, such as bone, breast or liver [2] . Primary renal angiosarcoma is extremely rare and its prognosis is poor due to the rapid local recurrence and bloodstream dissemination [3] .
Renal angiomyolipoma (AML) is the most common mesenchymal tumor of the kidney and it was first reported by Morgan in 1951 [4] . The World Health Organization (WHO) defines renal angiomyolipoma as a benign mesenchymal tumor composed of variable proportions of adipose tissue, spindle cells, epithelioid smooth muscle cells and abnormal thick-walled blood vessels [5] . It belongs to a family of lesions called perivascular epithelioid cell tumors (PEComas), which are characterized by proliferation of perivascular epithelioid cells [5] . They are not always located in the kidney and also can be found in uterus, liver, fallopian tubes and spleen [6] .
Here we described a case of primary renal angiosarcoma concomitant with an AML in a 64-year-old woman. To our best knowledge, this is the first report of a renal angiosarcoma arising in an AML background.
Case presentation
A 64-year-old woman presented to our hospital with the chief complaint of a progressively enlarged mass in the left abdomen accompanied with flank pain, fatigue and weight loss for the last few months. Physical examination revealed a well-defined mass on the left abdomen. Routine blood tests showed that hemoglobin was 111 g/L (normal range was 115 g/L to 150 g/L) and hematocrit was 34% (ranging 35 to 45%), indicating anemia. The remaining blood tests were normal. Abdominal computed tomography (CT) confirmed presence of a tumor measuring 18 cm × 11 cm on the left posterior perinephric capsule (Fig. 1a) , with enhanced density after administration of contrast medium (Fig. 1b-d) .
The mass was excised and a pathologic consultation was requested. On macroscopic examination, the specimen was composed of a giant nodular mass measuring 18 cm × 11 cm × 9 cm with a little attached portion of normal renal cortex. The outer surface of the mass was smooth and brownish in color. Sectioning revealed patchy areas of hemorrhage and necrosis. Microscopic examination was performed on paraffin-embedded sections stained with hematoxylin and eosin. Histopathological examination revealed that two components interspersed with each other within this tumor and there were transitional zones between the two (Fig. 2a) . One component comprised of atypical cells arranged in multiple architectures. Some well-differentiated fields were composed of irregular interanastomosing vascular spaces or channels lined with discrete and large endothelial cells with variable degrees of cytological pleomorphism, nuclear atypia and multilayering (Fig. 2b) . Many of these structures contained red blood cells, indicating a vascular lesion. Some poorly-differentiated fields were composed predominantly of atypical epithelioid cells arranged in solid areas (Fig. 2c) . The epithelioid cells had irregular round or oval nuclei with prominent nucleoli, abundant cytoplasm and a high degree of nuclear atypia. Tumorous necrosis was obvious (Fig. 2d) , and up to five mitotic figures per high-power field were observed (Fig. 2e) . The other component (including the areas adjacent to the renal cortex) was primarily composed of adipose tissue, smooth muscle cells and abnormal thick-walled blood vessels ( Fig. 2f and g ), indicating the feature of AML. But in multifocal areas of AML, atypical cells with the morphological and structural characteristics resembling those of the first component were observed ( Fig. 2h and i ).
An immunohistochemical study was performed on formalin-fixed paraffin-embedded tissue block to define the histogenesis of the lesion. Several pre-diluted antibodies against ERG, CD31, CD34, Ki-67, S-100, HMB45, Melan A, SMA, Actin, Vimentin, CD10, EMA, PAX-8, RCC and pan-cytokeratin were used. The results showed that the atypical cells in the areas of the first component were reactive strongly and diffusely to ERG (Fig. 3a) , CD31 ( Fig. 3b) , CD34 (Fig. 3c) , and Vimentin, but negative to HMB45 (Fig. 3e ), Melan-A (Fig. 3f ) , SMA, Actin and S-100. In addition, the cells were also negative to pan-cytokeratin, PAX-8, RCC, EMA and CD10. The cell proliferation marker Ki-67 (MIB-1) was positive in about 50% of the atypical cells (Fig. 3d) . To sum up, the immunohistochemical results supported the diagnosis of angiosarcoma. On the contrary, the cells in the areas of Fig. 1 The complex lesion of the kidney on computed tomography (CT). a. Plain CT image showed a large mixed density mass in the left renal fascia, which was closely related to the left kidney (yellow arrows). b. Dynamic contrast CT (arterial phase) showed the mass was obviously uneven, and small vessels could be seen around the lesion (yellow arrows). c. Dynamic contrast CT (venous phase) showed the enhancement degree of the mass decreased compared to that in the arterial phase (yellow arrows). d. Dynamic contrast CT (equilibrium phase) showed the degree of enhancement was similar to that of venous phase (yellow arrows) AML were reactive strongly and diffusely to Melan-A (Fig. 3g) and SMA (Fig. 3h) , focally to HMB45 (Fig. 3i) and Actin, confirming the diagnosis of AML. However, the atypical cells in the AML background were positive to ERG (Fig. 4a), CD31 (Fig. 4b), CD34 (Fig. 4c) , but negative to HMB45 (Fig. 4d) , Melan-A (Fig. 4e) and SMA (Fig. 4f ) . On the basis of clinical, histologic and immunohistochemical findings, a final diagnosis of renal angiosarcoma concomitant with an AML was made.
Three months after the surgery, the patient presented again with progressive abdominal distention for about one week. CT examination showed diffuse thickening and nodular deposits of omentum in the left lower abdomen and a lot of abdominal and pelvic effusion. Combined with the history and imaging examinations, extensive abdominal metastasis was highly suspicious. The patient received intraperitoneal cisplatin perfusion and symptomatic treatments such as paracentesis and analgesia. However, one month later, she died.
Discussion
Primary renal angiosarcoma is a rare malignant vascular tumor originating from endothelial cells. It has an extremely high mortality rate due to rapid growth and distant metastasis at the time of diagnosis or shortly afterwards. Angiosarcoma is considered to originate from endothelial cells in tissues or from circulating stem cells which are recruited from bone marrow or locations of extra-medullary hematopoiesis [7, 8] . Gene amplifications or genetic mutations for p53, VEGF, Ras, Myc and MDM2 have been explored in a great deal of angiosarcoma tissues, but the genetic changes found are complicated [9] . Although the exact etiology is unknown, many different environmental factors are associated with the occurrence of angiosarcoma. These factors include exposure to arsenic, vinyl chloride, thorium dioxide, radiotherapy and chronic lymphedema of any causes [2, [10] [11] [12] [13] [14] .The diagnosis of this lesion is extremely difficult if not impossible if only the clinical and radiological features are considered. Therefore, the importance of post-operative pathological examination cannot be ignored. Studies showed that angiosarcoma could occur on the background of other tumors, such as schwannoma [15, 16] , hemangioma and lymphangioma [17, 18] , malignant germ cell tumor [19] , leiomyoma [20] and tuberous sclerosis complex (TSC)-associated lymphangioleiomyomatosis (LAM) [21] , all of which were very rare. Renal AMLs are uncommon neoplasms accounting for less than 1% of surgically removed tumors [22] . And they are often associated with tuberous sclerosis complex (TSC), which is an autosomal dominant genetic disease because of losses of TSC1 (9q34) or TSC2 (16p13.3) genes [23, 24] . In recent years, great advances have been made in understanding TSC and related lesions. In particular, TSC genes seem to play an important role in regulating mTOR pathway [25] . However, most AMLs occur sporadically [22] . Similar changes of the TSC genes have been found in both TSC-related AMLs and sporadic cases. Kenerson et al. [26] have recently demonstrated that mTOR activity is increased in sporadic, non-TSC-related AMLs. In patients with TSC, AMLs are found predominantly in 30 to 40 years old women and they tend to be asymptomatic, small, multifocal, and bilateral. On the other hand, sporadic AMLs are seen in 40 to 70 years old women and are usually larger, symptomatic, single, and unilateral [27] .
We described here, for the first time, a patient who had renal angiosarcoma concomitant with an AML verified by immunohistochemical staining. In this case, there was no definite boundary between the two components. On the contrary, they were interspersed with each other and there were transitional zones between them. In this context, the possibility of a collision tumor could be ruled out. Furthermore, in several areas of AML, we could find multifocal atypical cells with the morphological and structural characteristics resembling those of angiosarcoma. Immunohistochemical staining verified their vascular origin. Taking into account the above mentioned findings, we inferred that in this case, angiosarcoma might occur in a pre-existent AML. However, the etiology and pathogenesis are still very speculative. Explanations might be as follows. Firstly, angiosarcoma cells might originate from vascular endothelial cells in AML lesions. Previous studies have suggested a crucial role of the mTOR pathway in the malignant transformation of endothelial cells. Besides, Italiano et al. [28, 29] reported in their studies that mTOR pathway was activated in a subset of angiosarcomas. Considering the role of mTOR pathway in the pathogenesis of AML, we are more inclined to this possibility. However, we have no direct evidence. Secondly, angiosarcoma cells might have originated from lymphatic endothelial cells in AML lesions. Like Stewart-Treves syndrome, long-term postmastectomy lymphedema and regional immune deficiency are considered to be an important factor in the complication of angiosarcoma. Hayashi et al. [21] speculated in their report that lymphatic endothelial cells might have undergone persistent genetic alterations of TSC2 and TP53, which eventually lead to malignant transformation toward angiosarcoma. Thirdly, angiosarcoma cells might have been derived from AML cells as a malignant transformation. However, in this case the angiosarcoma cells expressed neither Melan-A nor HMB45, and the immunoprofile of angiosarcoma clearly differed from that of renal AML. Even so, we cannot exclude the possibility that the renal angiosarcoma is simply a de novo occurrence other than associated with the AML lesion. However, more studies were needed to investigate the correlation between angiosarcoma and PEComas.
The prognosis of renal angiosarcoma is deadly because of local recurrence and extensive metastasis. At present, there appears to be no standard therapy because of the rarity of this malignancy. Most patients were treated with nephrectomy combined with radiotherapy, chemotherapy or recombinant interleukin-2 therapy [2, 30] . The optimal treatment still remains controversial. However, surgery seems to be the most effective treatment. In this case, the patient only received partial nephrectomy combined with intraperitoneal cisplatin perfusion and symptomatic treatment. Nevertheless, she died four months after the surgery, confirming the fatal prognosis of renal angiosarcoma.
Conclusions
In conclusion, we described here, for the first time, a primary renal angiosarcoma possibly arising in an AML, and the AML might be the precursor of the primary angiosarcoma of the kidney. However, more studies are needed to detect the correlation between the two. 
